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NOWCAN ENERGYEIWICIE~ STRJJCTDRESCOMPETE
IN AN INEFFICIEtW ENERGY NARKET?

HUMANSETTLEMENTPATTE2NS AND ENRRGYCONSUMPTION:
AN HISTORICAL. PERSPECTIVE

Shelter ●s a Bseic Neceneity ●nd Traditional Design Solutione

A comon premiee ie that food, clothingt and #helter comprie~ the
baeic neceseitiee of survivel. Accepting this bssic premise ae a de-
parture point, omr can hypothesize many interesting relationship among
the three neceeeitiee ae they relate to human physiology and thermal
coiafort.

The themal ●eneation experienced in a given en-
closure ie ● function of eeveral envirorwnental and
physiological parameter. Among those parameters
are the relative humidity, the relative wind speed,
the insulative value of occupant clothing, the oc-
cupant activity level, the vapor diffueion rat~
from the skin , the air temperature (dry bulb), ●nd
the mean radiant temperature. The mean radiant
temperature is defined ●a the uniform temperature
of black surroundings which will give the same
radiant heat 100a from ● pernon as the ●ctual case
under etudy. It i- helpful to think of mean radiant
temperature ● a ●n average effective interior surface
temperature.(16)

Although the ioeuee of human comfort ●re complex, one muet remember
that tho relationahipe betweei~ comfort, physiological factore, ●nd
environmental conditions (including locally aveilable reaouicea) have
provided ● dominant force in shaping building architectural -tyles
●croea the globe for centuriee.(llj 12) Thus, for example, the ahnlter
de~ign ●olutiona implemented by i.nhabitanta of a hot ●rid climate have
traditionally been quite different from thoee implemented by inhabi-
tant or’ a oub%aro polar region, or ● hot humid tropical xone.

In an ●ttempt to provida ●cceptable Ievela of tharmal cnmfort,
individuata not only ●djuoted shelter styles ●nd clothing materiala
but ■ada uoa of locally ●vailable fuel ●nd non-fual raoources for tha
pwposes of haating and cooling to help regulate comfort conditions.
Fuel recourcea included wood, other plant matter, dung, and ●nimal
oils Wile non-fuel roaourcco included wind induced vantilationt stack
●ffact ventilation, rcdiativa ●nd evaporative cooling, oolar radiation
with themal ● aac atoraget underground or ●arth contact habitata,
thamal insulatiott with indigenous ●at!rialc, ●G co forth, Thue$
thare ie ● large body of hiatoricai ●xperience that rainfurcea tha
ilotion of climate ●taptiva ●rchitecture in rcaponding to tha baoic
need of human shelter.(14) Why la it then, that we find ouraalveo
concumin- incredibly large ●mounts of nanranewable ●nargy to condition
●nd operete the built ●nvirornent that haa amar-~d 1.1 tha paot ceveral
Cenaretiona in the United 8tataa, when in fact, ●rchltactura! ~tylins
●nd uaa of indigonoue r~aourcee had been used to condition otructurwo
for centuriaa?
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The Impact.) of the Cheap Energy Era (1859-1973)

The anwer to the ●bove queetion ie attributable to the relation-
ship betwaen our econmic ayetem, the pattern of human settlement in
the United Statea, technological develo~ent and the initial endowcent
of ●bundant fuel resourcao spread ●crocs the United States.

Although the United States hat witneaaed many changes in the domi-
nance of various energy supplies and the pattern of energy consumption
over the paat two centuries, the large aejority of structures thet
comprise the current residential ●nd comercial building stock were
constructed during the Post WI cheap anergy era dominated by petroleum
●nd natural gaa. Becaume of the ●bundance and lW cost of these energy
raaources, buildings were not decigned to be enar.gy efficient. Space
conditioning, water heating, daylighting and ●ppliance ussge coata
represented ●n inaignificsnt portion of total building operating coata,
#o no incentive exicted to incraaae equipment efficiency or upgrade
thermal envelope construction techniques for energy conservation.
Indeed, the ●ubetitution of energy for conservation snd climate respon-
sive design wae not even ●n issue to be dealt with ●ince fndividual~
ware making economically rational decisions under the unique aet of
conditions that prevailed.

Many policies of the federal government between 1930 ●nd 1970
either diractly or indirectly contributed to tha increaead enargy uee
intensity in twlldingo. Tha federal interstate highway program facil-
itated the incredible grouth in tha ●utomotive ●nd trucking induetriea
●nd reinforced tha trend toward ●eparatirn of living ●reao ●nd working
araaa through induced ●uburbanization. Highly centralized urban can-
tera ware raplaced by Icwar danaity cmaunitias in n~w growth r-eao,
thareby ctimulatfng the construction of relatively high enorg~ uoa
single f~ily datachad raeidencee throughout tha country.

In ●ddition, ●nergy policiaa of the United Statac ware aimed ●t
promoting the davelopmant of @n*rgy roaourcao to spur econrnmic growth.
According to a study by Battelle Pacific Northwaot Laboratories (4))
“In the years since 1918 tha federal government haa ●xpendad $123,6 to
$133.7 billion for incentivaa to stimulate ●nargy proflttction.” Sixty
parcont of this total went to oil, 13% to nuclaar, i2% to natural gao,
10% to hydro, ●nd 5% to coal. Tha kpact of such incantivaa haa baan
to promoto the uae of mora ●nergy ●t lwer coat than what ●ight other-
wk havo been the cam. Indirectly thio stimulated tha development
of ●n ●nur8y supply and distribution t. (tamthat removed raoponcibility
for providins building ●nergy d~anda uway fra fndividuala to more
centralised ●nergy producara ●nd distributor. A good ●xam la of this

i!trantitfcm ues the devtiopant of ● fairly larst reoident al thermo-
ciphon molar watar heater sarkat in Florida and Southern California in
tha ●arly 1900’-. The@e syatema worked very well but wera ●ventually
dicplaced by watm haaterc auppliad by cheap natural gaa through pipe-
line diotrlbution networks. La:gely due to ccono=ic raamona, docan-
trallsad ●pece conditioning cechniqueo have been raplaced by ●qui;mont
thitt dapando upa centrally supplied ●nergy aourcac.

Coincldsnt with the devalowant of the oil ●nd gao industrial uac
tha Srwth of ●leotric utllitico. Fra tha ●nd of World War 11 to tho
●arly 1970’s, the coat of providing naw genaratin~ capacity continually
daclined in real tome AM to ● ore ●fficient plant doolsno, goverrnunt
incentlvea, and .conai@a of acalu realised by conctructln8 larger
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Uuita. The demand for consumer durablea increaeed rapidly through the
1950’a and 60’a ●nd electrical ●ppliance of ●ll typea were introduced
into the residential #ector for entertainment convenience, ●nd labor
saving purposes. Electric ●pace heating, water heating, mnd air
conditioning alao enteeed the ti~arkatplace, ●nd virtually the entire
demand for illumination wao providod by incandescent, fluoraacent, ●nd
neon ligh~ing.

Population grwth ~oupled with low dnneity settlement petterna ●nd
govazment policy uted t~ stimulate energy production haa laft ua with
● buildings inventory reaponaible for over 30% of total U.S. energy
cons-ption. Clearly, the potential axiota to reduce a ●iaeeble por-
tion of building anergy demands through conaarvation, improved ●quip-
ment efficiency, and ●olar energy te{hniquea. liowave~, privatk sector
deciaionmakers i! the buildings sactor have bean slow to pursue vigor-
ous anergy •~iing meaa!~reo. The reaeons for this involva ● complax
●et of political, aconomic, irutitutional ●nd legal factore that are
diecuased in tha next oaction.

3TRUCTURE OF TNE RSSIMNTIAL ANU UINMERCIAL
lll13LDKNCS SSCTOR AND THE ROIZ OF EXTWRNALITT,ES

The difficulty of shifting our enargj reeowrca bnae from depletable
nonrenewable ●nergy ●uppliec to ●bundant ronawable energy .ources lies
in the conflict among individualat private sector buaineeaaot ●nd
Fo/arrnent entiti~c. The nature of tlww conflicts stama from the
fact that ●ach of thaoa groupa of decieionmakarc haa differant primi-
tiest respond. to diffaren: signal I axisting in the markat}llaca, end
behaves to maintain or improve ita wn poeltion often ●t the ●xpense
of the po$ition of cthare.

A factor that further inteneifieo thece conflicte i. the ovarwhalm-
ing number of ●at,.wlitiao craatad by the actiom of ●ach of tha
declaionmtkfng ~roupat an ●xternality is osid to occur when tha ●ction
of one party hae ● diract or iudirect imp~ct (positive or nogetive) on
tha welfare of othare. In addition, resourca allocation problena ●re
cm~loundad by %arket failurea.” (1)

Raoidential Sector

Batrofit. The following ●ay cerve ● e ●n illustrative ●xampla.—-
Snywur Sunohlne owne a homa in ● rura 1 comunity ●nd ie considering
●n investment to upcrade tha ●walope of hia homa throush ●nergy con-
servation ● aanureoo In ●ddition, ha would like to undertake some eolar
retrofit wfth en ●ttached eunapeca ●nd ● domestic ●n!er hot water
heatar. Howvcr, Mr. Sunshine lti reluctant to pursue ●ny of thama
lnvestment~ bacauoa ha payB fairly low ●nerty b{lle for xatwral sas
●nd may have troubla financint the naceasery hae improvement lotn 4u6
to hla othar dcbto (home mortgaga, car, {Iiauranca, etc.) ●nd tha hl@
coet of borro~ad money,

What Mr. Runahlno doat not raalite 1s that hia daclaion can hava ●

dlrart impact on hit local co-unity end indirectly upon tha national
●concmy. 1? he continuee to conoume large mountt of natural Sac, he
la in ●ffect trannfarrkn~ monoy frcm hic pocket d{rect!y to the pocket
of hla utiii:y (aea~d to ha ●part from tha city). Tha utility in
turn ~anaratat xm~ jobe within tlta oo~unity with ●n ●eoociated &n-
aoma, but by ●nd lartt, the wjor{ty of the {ncom trsnafar #oea to
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holdaro of the utility’s bonds ●nd equity (in the form of dubt rapay -

● ent or return cm equity) ●d to gas ouppliera (producers and inter-
state distritmtors). If Hr. Sunshina doaa maka th~ ●nergy conserving

invas-entc ha will mupport local contractors who will usc local labor

snd Perhmpt wmc locally supplied (but not ntcasoarily produced) p:od-

wts ●d he will gcncratc ●dditional incm (tax frm) for him-elf
through fuel oavingm. In turn, he viii rcapend a portion of these

omvings within the comunity and mske the loan payments through ● local
banking astablishmnt (this dean not imply thmt all of the loan funds

● ra ~anaratad locally). To the ● xtent that tha vLlue of futl s.wingo

txcaads the ltin paymnts, Hr. Sunmhina it better off and additional

incmo is ~tnaratad within tho local ●eon.ay. If these invcctments

nra to ba mad. by ● large portion of the cmunity recidunti, a #ig-

nificmnt direct and indirecc opanding effect could bc genaratad within
the comunity.



Additional uncertainties also discourage homemmesn from making
potential energy conserving retrofit investments. A partial liet would
imlude:

● uncertainty ● s to the impact of the ●ddi?ion or improvement on
the resale value of the home

● uncertainty ●s to the ●vailability of qualified service pereon-
nel in the event of ● ●yctam malfunc~ion (prjrnarily active
solar)

● uncertainty ●s to the guaranteed right to ●ola~ ●cceeo in an
existing residential neighborhood

● uncertainty ● a to the relative coste ●nd benefitt of alternative
energy caving capitul invee~ento

● uncert~inty ●s to the performance, reliability, ●nd lifetime of
certain tolar and ermrgy conservation investment..

While these uncertainties are raadily identifiable by homeowners
●nd renterc, the benefits to society ●s ● whole from ouch investment
●re not ●s ●pparent. For instance, most individuals would not consider
the benefito that ●ccrua from ● reduced reliance on foreign ●ourcee of
petroluam, ●n imprcved balance of paymenta, a stronger U.S. dollar in
fore{gn exchange marketo, mit{gatim of furthar envlromental deterior-
ation du~ to potential reduction- Ln production of uncertain domestic
energy sourcost increaoad employment, Sttiulation of mall huaines~
opportunities, and ●o forth. Unlecu programs ●re initiated ●t the
local, state, ●nd federal Iavelu to bridge the gap between the bmtefits
●nd coetM of retrofit investmanto ●e perceivad by individuals on the
one hand, and ●ocfety on the other, the vaet ●nar~ ●avinso potwtt{al
in the residential houoing ●tock will remain unrealised for an indef-
inite period of tb*i

Ncw Construction. In new cono:ruction, the incentivo to invest
•ddi=m=l~r-—am~,!lnto in ●nersy Conaervstion technique~ (llCT’o)
●ust rest wfth the ●uppliars of the constructed buildinBm. The oupply
side of the conotructlon ●arket includeo developers, deoignart ●nd
mrchitocts, builder. ●nd cnntractora, ●nd matariale ●uppliars. None
of thana in4ividualc must pay tha coot of operatinu tha crmpleted
buildin8, .xuapt for oituationa where the dovaloper 10 tha ownorl this
●ay be true for cartain ●ulti-unit rat{dantlal or conarcial projacto,

Without a sariee of incentlvee, mandates, buildln8 Parfotmance
etandardo, or sonin8 requ{remente, the bpetuc to build ●nergy coneerv-
lW homes ●uot come from the ●arketplace itcelf; that ie, the builder
mu-t parceive ● demand for structures :hat conoarve ●nergy but a? ●ae
●dditional cost. Paoo{ve eolar concepto primarily have been developed
in the cuota hme market, whare the purchaoer ueuetly takes ●n ●ctive
rola in the deel~ proceoo ●nd {u willint to pey the additional ●npmee
for paesive oolar feeturas. No euch relationship ●xlatt in the specu-
lative markat (aspeclelly in tract home devolo~nte), OO the builder
mu-t have confidence that eolar d ●nercy conservation innovation
will be accaptod by home-buyero.



With rising energy prices, eoler and conservation featwes in
residential h~ueing are baginning to attract attention, but the prob-
Imcl of :onsmer and oupplie: uncertainty anti indifference remain.
Every energy #asteful. structure that is built ~~~j ●n additional econ-
omic burden m the initial buyer and aubeequert owners (admittedly,
for some, th.a burden is only a minor concern). However, income is
draine. out >f the local economy, ●nd reliance ca conventional non-
renewable em!rgy sources is increased. Furthermore, each new ●nergy

inefficient luilding may have a useful life of between 40 and 60 years
or perhape longer. By bypaseing the opportunity ta integrate conser-
vation, pass ivej and active solar into new home construction, the only
recourse is to retrofit at come later date which io generally less
effective ●nl more expeneive per Btu caved.

A compomding factor in the naw residential construction market is
its highly dieaggragated otructure. Thouoands of operative buildere
construct new residential houoing units throughout the country; how-
ever, the ~verage builder conatructc lebs than 30 unite per year.
Competition in such a market drivee builders to continue ccnetruction
of euccesoful designs, ●nd to ●void the -iske ●asociatad with new con-
cepts euch at paosive ralar or dual stud wall construction. Innova-
tion in Ihe housing cector ueually oriRinata in tha cuntom built
market, ●ml if aucceasful, eventually trickle dokm to the semi-custom
and speculative tract home markets. Without the perceived demand or
propar incent{vec, diffusion of energy efficient deoigna in the new
houeing ma)’ket will proceed ●t ● slow rata.

Commercial Sector.— —

The cmaaercial building sector prneente another uniqua eet of cir-
cumatancea s In the residential ●ector, the buildar or general con-
tractor i- usually responsible for both the envelope construction ●nd
HVAC equipent specification. However, building design in the com-
mercial eector has folluwed ● charactarittic pattern thet dioaosociates
the xrchitect from the mechanical and electrical engineer.

Buildi.~gs ● s we hava deeigned them in the pat, ,ave
been designed essentially by four indepec~dmtal
(1) the mchitect who deoigno ●n ●nvelops; (2) the
structural engineer who dooigne ● frame to support
thio ●nvelope, with little concern for uhat’e in
the frame~ (3) the mechanical ●n8ineer who deaign~
the ●echanical syotem which io otuffcd into a
building; (4) the ●lectrical ●nginetr who deoigna
hia ●lectric system ●nd utually th~ illumination . . . .
These really ate deoisned ● s four ●eparate en~ities,
Puohed ●ll to~ather into ● c-on package.

Unla~s the rol-s of ●ach of theoa independent can be cabined ct the
●arly otagaa of the dealgn proceaa, where 902 of ●ll tho decision,
●ffacti~ ultimate ●nergy p~rformsnce ● re wade, tha chancas for
con0tructln8 an ●nergy efficient comerc{.al building ●ra reduced
bubatantially.

Another dieii,aentlve to invest in hi-her first coet ●nergy ●ffl-
cient capit~l equ{pmrmt and de~ign io that the build{r.g owner may
daduct tnar~ co-to ●s ●n operating expence from groos operatint
revenles, Although this tax ●llowanaa in miti8ated to ● certain extent
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by investment tax credits available for energy conservation and renaw-
able resource measurae, it nevertheless provides a disincentive for
higher first coet energy efficient design and construction.

PUBLIC SECTOR RESPONSIBILITY AND TNE ADEQUACY
OF RECENT FEDERAL ENERGYLEGISLATION

Back to Externalities

A major theme of this paper has been that the structure of the
buildings -actor ie such that the cumulative impact of decieione in
the private sector is at odds with societal welfara taken ●s a whole.
Because of uncertainties, perceived riaka, inefficient pricing aignale,
imperfect information, other market failures, ●nd tha high. degree of
disaggregation among ●ctors in the residential ●nd cmarcial building
sector, investments in energy conservation and renewable reaourcee are
baing undertaken ●t a leee than desirable rata. Studies that have
de!ved into the United States energy problem have repeatedly rei,lforced
this point. In particular, theee include work~ by Stobaugli snd Yergin
(15) (&ergy Future: Report of the Energy Project at the Harvard
Business School.), Resources for the Future and the Ford Foundation
(8) (Energy! The Next Twenty Years), Lovina (9) (Soft Enargy Paths ),
Coranoner (2,3) (The Poverty of Power ●nd the Politico of Energy) , ●nd
retolutiona ●et forth by the United Natlfms Economic Comniasion for
Europe (6) (Htaan Settl&ente and Energy). With a conseneus as strong
as thase independent otudias seem to indicate, what has been done by
the faderal government to promote energy ●fficient building deeign in
the Unitad States?

The National Enerpg Act (NEA)

The NEA was paased by the Congrens on October 15, 1978 after nearly
● year and ● half of deliberation. The act in compooed of five separ-
●te bills:

● The National Energy Conservation Policy Act of 1978
● The Energy Tax Act of 1978
● The Public Utilities Regulatory Policy Act of 1978
. The Powerplant ●nd Industrial Fual Use Act of 1978
. The Natural Cat Policy Act of 1978

A detailed diecusaion of the proviciona of thaae ●cts is not given
hara, howevar, major highlight- of four of tha bills that impact build-
ing. ● re outlinad below.(5)

National Energy Conservation Policy Act

Utility Concervttion Program for Residences
Waatherization Grants for Low Incme Familieo ($200 million)
Solar Enargy Loan Program ($100 million)
l!nargy Conrervatf.on Loan Program ($5 Bill{on)
Grau? Pro8ram for Schoolo ●nd Hospital* ($900 m{llion)
Enargy Audita for Public Buildings ($65 million)
Applianco Efficiency Standardo
Solar Damtmtration Program in Fadaral Buildittgs ,QIOO million)
Concarvation Rcquirementn for Frderal Buildings
Grante ●nd Standard. for ●nergy conservation in Faderally ●s-
olntedheuaing

8



- Federally insured loans for conservation improvements in multi-
family housing

Energy Tax Act

- Raeidcntial Insulation and Conservation Tax Credits (vp to
~300 or 15% afthe first 92000 expended)

- Reeident.ial Solar Tax Credits (passiva solar exclu~ed: i nccmm
tax credit up to $2200 covering $10,000 of axpanditures)

- Business Enargy Tax Credita
- Denial of Tax Benefits for New Oil 6 Gae Fired Boilers (denial

of inves-ent tax credit ●nd ●ccerelated depreciation)

Public Utili*iea Regulatory Policy Ac~

- Rate Design Standardn
- Consideration of Rate De8ign Standarda
- Cogeneration Energy Ratea

Natural Gan Policy Act

- Price controls on both inter- and intrastate gas
- Deregulation of certain gae
- Incremental Pricing to industrial uaara

Although many of these provisions will help utimulate anergy con-
acioua design in buildings, thrae points bear diocuaaion.

a) Natural gas pricas ●re still regulated ●ccording to maximum
price caiiinga by vintage type, with ●llowancaa for inflation. Givan
that tha Btu equivalent of imported oil ($22/Btirral for marker crudn)
ia ●pproximately $3.75/MBtu ●nd the higheat new gas price ie
$1.75/MMBtu plus inflation, a ●ubotantial gap axiate between the con-
trolled price and world markat enargy valuaa. Thie wedge will probably
grow over time, theraby further distorting tha pricing aignala
received by building uaert.

b) The tax credits ●llowad for ●oiar ●nd ●nergy conservation ●re
otill very low, California hau implemented a 55% tax credit which
does iwlude paueive solar ●nd hao been ● significant factor in that
etate’e solar comerciali~ation ●ctivities.

c) Low technology solar ●pplication ●nd ●nergy conaarvation pro-
Cramm ●re recaivin~ budget cute in the Department of Energy’e programa.
Somo privata ●actor ●nthuaiaetc miSht applaud this, howaver, it ia
dieconcorting to see etatementa in the lT8fl United Statao Paderal
Budget(lO) to the ●ffact that ●nergy conservation tax credito ar~ in
plac. ●nd kharefore D.O.E. can relinquish ita ●ctivities to private
actor c-ercialiaation. As ctated previously, the preponderance of
●xtarnelitiaa in the ■a:katplace demanda that priority be given to
incraaead incontivaa, MD programe, information diaaemiaation, design
competition, ●nd other related activities to halp stimulate the uee of
conaarvation ●nd ranewable reaourcee in bu~ldin8a. Ttm ●xistence of
meagar tax credite will not, in itself, provida tha impatuo necaecary
to raalis~ tha cubat~ntial ●nar~y aavinga potantial in buildings,
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IWJWCAN ENERGYEFFICIENT STRUCTURES COMPETS
IN AN 11’JEFFICIENT ENERCY MARRET?

The only way resources can be efficiently allocated il; our market
system is if prices of resources, goods, and services properly reflect
their true value to society. However, because of (a) imperfections
in the pricing mechanisms that currently influence private sector
decisionmaking; (b) the ciifference in planning horizons between indi-
viduals and government; and (c) the external benefits that would ac-
crue to society from energy conacioue deciaionmaking by individual,
it is ●pparent that there exiatu a substantial underinveatment in ad-
vanced conservation and renewable resource building technologies.
Even if dcaeeatic energy prices were deregulated to reflect world market
prices (now determined by OPEC) it is likely that underinveatment in
energy conscious design would still occur. For tnat reason, the only
way that energy cone.cioua dasign will be implemented to the extent
warranted is if a concerted political commitment is made to such a
program at the federal, state, and local levels. Such a ccmaittment
is not without preceden . The experiences of Davis and San Diego,
California, and the Tennessee Valley Authority exemplify the extent to
which energy conservation and renewable resource development can be
carried if the political leadership and support is established.

We know the technologies and daaign solutions for energy efficient
buildings are available today and are coat effective What remaine to
be seen ia whether the political leadership of the United Statee will
fully recognize the eenaibility of a concerted conservation and renew-
able energy reeource program for buildinge ● a oppoeed to continued
attempte at increasing energy production to eupply an enet gy
inefficient building inventory.
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